Of six cats with eosinophilic enteritis. two had lesions confined to the intestinal tract, and four had varied disseminated eosinophilic infiltration of other organs. The lesions in these cats are similar to those of the hypereosinophilic syndrome in man. A feline hypereosinophilic syndrome is proposed, consisting of eosinophilic enteritis, disseminated eosinophilic disease, and eosinophilic leukemia.
* post megestrol acetate therapy.
' post steroid therapy. U = unknown. 5 and 6, intestinal thickening developed during the course of the illness. Other subsequent physical findings included: enlarged, firm mesenteric lymph nodes (cats 2, 4, and 5 ) , hepatomegaly (cats 4, 5, and 6), and splenomegaly (cats 3, 4, 5 and 6). Laboratory procedures included hematology (table 11) , blood chemical profiles, urinalysis, fecal examination for ova and parasites, and screening for feline leukemia virus. Bone marrow biopsies were taken (table 111). Cat 3 was moderately anemic (table 11); cat 2 was feline leukemia virus positive. Fecal examinations were negative. All cats had a moderate to marked eosinophilia (table 11, 111). All findings were compatible with the diagnosis of eosinophilic enteritis, and prednisone therapy was initiated in cats 2 through 6. The owner of cat I refused treatment and after one week of anorexia, the cat was killed. The eosinophilia decreased in cat 2, but her condition did not improve. An intestinal biopsy was done. The evening following surgery, the cat developed pneumothorax and died. A blood transfusion and prednisone therapy initially improved the attitude and appetite of cat 3, and the eosinophilia decreased (table 11). After three weeks of therapy the cat's condition began to deteriorate and it was killed. Cat 4 was more alert, ate well, and maintained his weight during the 2% months of steroid therapy. The sneezing and vomiting persisted, but were less severe. The eosinophil count gradually decreased (table II) , and the intestines seemed less thick. During a trial change of medication to megestrol acetate (Ovaban, Schering Corp., Kenilworth, N.J.), vomiting became worse and bloody * Normals based on [5, 191. I Except for M:E ratio, all values are in absolute numbers; 500 cells were counted in cats I, 3, 5, and 6, 600 cells in cats 2 and 4. diarrhea developed. Reinstitution of the former steroid regimen alleviated these signs. After another six weeks, however, massive liver enlargement had occurred and despite supportive therapy the cat stopped eating, became weaker and depressed, and was killed. The condition of cat 5 improved temporarily, but she relapsed and died one month later. Prednisone therapy caused vomiting in cat 6, and was discontinued. The cat was maintained on antibiotics and other supportive therapy. The eosinophil count decreased dramatically (table 11). and she improved greatly. When steroid therapy was started again, her condition deteriorated. The anorexia and diarrhea returned and the eosinophil count increased, with more immature forms (table 11) . After 3% weeks, the intestines felt firm and the kidneys felt nodular. There was hepatosplenomegaly. The diagnosis was revised to eosinophilic leukemia, and given the poor prognosis, the cat was killed.
Results

Cross lesions
At necropsy all six cats had small intestinal thickening. The small intestines of cats 2, 3, 4 and 5 were involved diffusely. Cats 2, 3, 5 and 6 had some large intestinal thickening as well. When the intestines were transected. the thickness and turgidity appeared to be due primarily to hypertrophy of the muscular layers. The mucosa in affected areas was essentially normal except for patchy hyperemia. Cat 3 was the exception, with severe colitis and multifocal ulceration. Two duodenal polyps were found in cat 4, each measuring 0.3 centimeters in diameter and both located in the proximal one-third of the duodenum; one was hyperemic. The mesenteric lymph nodes were tan-yellow, enlarged and firm in cats 2, 3 , 4 and 5. Cats 4 and 5 also had hepatic lymphadenopathy. There was splenomegaly in cats 3, 4, 5 and 6, and hepatomegaly in cats 4, 5 and 6. The livers in cats 4 and 5 were pale and friable, with a cobblestone-like surface. There were many tan nodules in both limbs of the pancreas in cat 4, and severe pulmonary atelectasis in cat 2. Cat 6 had irregularly shaped kidneys with many pale nodular masses throughout the cortex and medulla. In the heart, the aortic valve leaflets were misshapen and thickened, resembling vegetative endocarditis grossly.
Microscopic lesions
All six cats had eosinophilic infiltrates of the small intestine. There was infiltration of the stomach as well in cat 5, and of the colon in cats 2, 3, 5 and 6. The eosinophils were mature and were present in the submucosa and mucosa. Sections of the small intestine of cats 1,2 and 6 contained a circumferential band of fibrosis of the lamina propria, halfway between the tips of the villi and the base of the crypts ( fig. I) , confirmed by Masson's trichrome stain. The infiltrate was transmural in cats 3 , 4 and 5, and consisted of mature eosinophils and reticular cells that percolated between the muscle fibers ( fig. 2 ). In some areas, fibrosis was associated with the infiltrate. The duodenal polyps (cat 4) were foci of chronic proliferative enteritis containing lymphocytes, plasma cells and eosinophils. fig. 4 ). There was complete effacement of nodal architecture in cats 4 and 5 , with replacement by mature eosinophils in a fibrillar meshwork, which extended through the capsule and into the mesenteric fat ( fig. 5 ) . The hepatic lymph node of cat 4 was similarly effaced, and in cat 5 the entire spectrum of lesions could be seen in the mandibular, Fig. 3 a. Mesenteric lymph node, cat I: reactive hyperplasia of lymphoid and reticuloendothelial elements. b. Higher magnification: segmented eosinophils are present in cords and sinuses. HE. Fig.4: a. Mesenteric lymph node, cat 2: regional replacement of normal architecture by eosinophils and fibrous connective tissue. b. Higher magnification: edge of normal lymphoid follicle (left), adjacent to segmented eosinophils in fibrillar background. HE. retropharyngeal, tracheobronchial, sternal, prescapular, cecocolic, iliac and popliteal lymph nodes.
The spleens of cats 3, 4, 5 and 6 were highly cellular due to the infiltration of eosinophils. The cells extended along the sinuses, into the red pulp, and occasionally into the white pulp. Although segmented cells were predominant in all spleens, the cellular infiltrate in cat 6 contained many easily discernible immature cells, i.e. myeloblasts, progranulocytes, myelocytes, metamyelocytes and mitotic figures. These immature cells were approximately 30% to 40% of the total infiltrating population in cat 6, as opposed to less than 3% in the other cats.
In cats 4 and 5 there was moderate to severe periportal eosinophilic hepatitis with 56 5a 6a Fig. 5 a. Mesenteric lymph node, cat 4: effacement of normal architecture by eosinophils in fibrous meshwork. Capsule (arrow) and perinodal fat infiltrated. b. Higher magnification: infiltrating eosinophils. HE. Fig. 6 a. Liver, cat 4: severe periportal infiltration of eosinophils with loss of hepatocytes. fibrosis, and bile duct proliferation. 6. Higher magnification, portal area: infiltrating eosinophils. Segmented cells, metamyelocytes, and myelocytes. HE. loss of hepatocytes, fibrosis and bile duct proliferation ( fig. 6 ). In cat 6 there was a sinusoidal infiltration of eosinophils of all stages with no loss of hepatocytes, fibrosis or bile duct proliferation. A few mature eosinophils were found in the pancreas of cats 4 and 5. There was mild to moderate fibrosis associated with the cellular infiltrate. In the adrenals of cats 3,4 and 5, segmented eosinophils infiltrated between the medullary cords, without disruption of normal architecture ( fig. 7) .
Cat 6 had eosinophilic infiltrates of the kidneys and heart. In the kidney, the most severely affected organ, there were dense accumulations of eosinophils of all stages which disrupted the normal architecture and corresponded to the pale nodules seen grossly. Portions of the pericardium, epicardium and endocardium, including the aortic valve, were invaded by predominantly mature eosinophils and lymphocytes.
The bone marrow of each cat was hypercellular, due primarily to hyperplasia of the eosinophilic cell series. All stages of eosinophils were present, but segmented cells predominated in cats I , 2.4 and 5. In cats 3 and 6 more rnyelocytes, rnetamyelocytes and band forms were seen. Light microscopy showed synchronous development of nucleus and cytoplasm with normal sizes and numbers of granules. All other cells normally found in the marrow were present. mixed with the eosinophils. Compared with reported differential bone marrow counts [ 5 , 191, the only significant abnormality in these six cats was a decreased total erythrocyte count in cats I , 2 and 6 (table 111).
Additional microscopic findings included: mild glomerulonephritis with increased mesangial matrix (cats 2 and 5); pulmonary atelectasis (cat 2); mild purulent and mononuclear interstitial pneumonitis (cat 5): and adenomas of the pituitary, thyroid and parathyroid (cat 4). 7a 76 Fig. 7: a. Adrenal, cat 3: diffuse medullary infiltration by eosinophils. b. Higher magnification: segmented eosinophils percolate among medullary cells. HE.
Discussion
The term "hypereosinophilic syndrome," first coined in 1968 [7] , is used to describe a group of diseases in man that are associated with eosinophilic infiltrates and eosinophilia of the peripheral blood and bone marrow. Included are eosinophilic enteritis, Loeffler's disease, disseminated eosinophilic disease and eosinophilic leukemia. Idiopathic eosinophilic enteritis in man has two forms: circumscribed and diffuse. The circumscribed form is a well-defined polypoid infiltrate usually confined to the mucosa and submucosa, much like the polyps in cat 4. Other names for this lesion are eosinophilic granuloma and inflammatory fibroid polyp [25] . In its early stages, this lesion is asymptomatic, but it may become obstructive when larger. There is no associated eosinophilia. The diffuse form is characterized by an ill-defined transmural infiltrate that results in thickening of the intestine [ 14,23}. Patients usually have a history of allergy or asthma and eosinophilia. They vomit, have bloody diarrhea and have nausea. In both forms, steroid therapy or surgical resection, or both, are curative.
Loeffler's disease is a self-limiting hypereosinophilic disease of the lungs [7. 1 I , 131. There is eosinophilic bronchitis and bronchopneumonia, and eosinophilia of the blood and bone marrow. Signs of coughing and mild dyspnea respond favorably to steroids.
Disseminated eosinophilic disease is a term used to describe a disorder with various manifestations [7, 13, 41. As the name implies, there is a disseminated infiltration of predominantly mature eosinophils in several organs with varied degrees of fibrosis. There may be associated necrosis, vasculitis, and granuloma formation [2] . Prognosis differs depending on the organs involved. In man, most morbidity and mortality are related to cardiac involvement. There is a cardiomyopathy characterized by endocardial fibrosis, myocarditis, and ventricular mural thrombus formation. Only 30% of these hearts have eosinophilic infiltrates [ 161. Patients usually succumb to congestive heart failure, although they can be maintained for long periods on anti-eosinophilic drugs [ 171.
The lesions of eosinophilic leukemia have been described [ 15, 211 and will not be reiterated here. This is the malignant end of the spectrum of hypereosinophilic disorders.
The six cats presented here form a continuum of hypereosinophilic disease. (The word "continuum" is used here to denote that a fundamental common character is discernible amid a series of variations.) All six cats had eosinophilic enteritis, with analogues for both the circumscribed and diffuse forms described in man. Cats 4 and 5 had a multivisceral infiltration of eosinophils, much like the disseminated eosinophilic disease of man. Although one might expect that necrosis preceded the fibrosis seen in these cats, no foci of active necrosis, vasculitis, or granuloma formation were found.
Cat 6 had eosinophilic leukemia. The immaturity of the cells, the sinusoidal infiltration pattern in the liver without fibrosis, and the chloroma-like masses in the kidney distinguish this cat from cats 4 and 5. Cat 6 had more immature cells in the peripheral blood and infiltrate than did cats 4 and 5, but the bone marrow picture was essentially the same. Reports on what constitutes the "normal" maturation of the cat eosinophil vary [5, 191, so it is difficult to determine whether any of these cats had a disorderly or deranged eosinophilic proliferation.
The distinction between disseminated eosinophilic disease and eosinophilic leukemia, or the idea that rampant visceral infiltration of eosinophils need not be leukemia, is controversial in both human and veterinary medicine. Whether the diseases reflect differences in quality, rather than quantity, of myeloproliferation is moot. Some researchers [ I , 151 propose that eosinophilic leukemia does not exist, at least in terms of the criteria used in other leukemias. Regardless of whether eosinophilic leukemia exists, disseminated eosinophilic disease is a recognized entity in man. Cats 4 and 5 have lesions that suggest that it exists in animals as well.
As a group, eosinophilic enteritis, disseminated eosinophilic disease, and eosinophilic leukemia comprise a feline hypereosinophilic syndrome analogous in many ways to that in man. The pathogenesis of these disorders is not known. In man, cases of eosinophilic enteritis have been attributed to the migration of anisakine larvae [20, 261. The six cats described had no gross or microscopic evidence of parasites. Most of the literature on the hypereosinophilic syndrome in man cites hypersensitivity to ingested or inhaled antigens as a possible cause [7, 13, [15] [16] [17] [18] . It is theorized that a hypersensitivity develops to some unknown antigen, and resulting antigen/antibody complexes circulate in abundance and are deposited in various organs. Eosinophils are known to be attracted to certain antigen/antibody complexes which they then phagocytize [lo, 12, 221. It is believed that the interplay of eosinophils and factors released by local macrophages and mast cells result in disseminated inflammatory disease [ 10, 181. The gradations in clinicopathological expression may reflect variations in host responsiveness, or the strength of the antigen, or both. Tests measuring immunologic reactivity were given to 22 human patients with hypereosinophilic syndrome [ 181. Circulating immune complex-like material as determined by complement (C Iq) binding was significantly elevated in 32%. Complement (C3) levels were elevated in 77%. T lymphocytes were decreased, while B lymphocytes were significantly increased. Tests for antinuclear antibody and lupus erythematosis were consistently negative. The measurement of IgE concentrations proved to be clinically significant. All patients with elevated IgE levels (38%) required no therapy, or responded with a complete remission when treated with corticosteroids. Likewise, 80% of all patients who responded favorably to steroid therapy had initially elevated serum IgE levels.
Whether similar immunopathologic phenomena occur in the cat is unknown. It is clear, however, that further investigation into the pathogenetic mechanisms of these hypereosinophilic disorders is necessary. Prospective studies focusing on immune surveys, and the measurement of IgE concentrations and circulating antigen/antibody complex concentrations would seem to be the next step. Ultrastructural studies of the eosinophils of these cats would help to delineate the qualitative differences, if any, between disseminated eosinophilic disease and eosinophilic leukemia. Only then will rational and successful therapy be possible in the cat.
